Objectives: To assess the safety and tolerability as well as antiretroviral impact of aBX464, an oral investigational drug with a novel mechanism of hiV-1 inhibition (clinicalTrials.gov ncT02735863). Methods: randomised, double-blind, placebo-controlled, Phase iia study in individuals living with hiV-1 on antiretroviral therapy at six clinical centres in spain, France and Belgium. aBX464 was administered once a day to 22 fully controlled hiV-1-positive participants at two doses (50 mg, n=6 and 150 mg, n=16) versus placebo, which was given to eight participants for 28 days in combination with a boosted protease inhibitor (darunavir/ritonavir or darunavir/cobicistat). The primary objective of the study was to assess aBX464 safety and tolerability when used in combination with darunavir boosted therapy. The secondary objective was to study antiretroviral efficacy on viral reservoirs using time to viral rebound following treatment interruption. The impact of aBX464 on hiV-1 reservoirs was further assessed by measuring levels of total hiV-1 in peripheral blood mononuclear cells (PBMcs) in the intervention arm versus placebo. a positive response was defined as an absolute reduction in hiV-1 Dna of at least 50 copies/10 6 PBMcs and a relative decrease >25% of hiV-1 Dna level. Results: Twenty-six of the 30 randomly allocated participants completed the study according to the study protocol. aBX464 was found to be safe and well tolerated with the majority of adverse events (aes) being mild or moderate. Of the participants, 22 (73.3%) experienced treatment-associated aes (93.8%, 66.7%, 37.5% in the aBX464 150-mg, 50-mg dose and placebo arms, respectively). Percentages for combined grade 3/4 aes for the three arms were 6.3%, 0% and 12.5%, respectively. Median time (Kaplan-Meier estimates) to viral rebound for aBX464 150-mg, 50-mg and placebo arms were 12.0 (95% confidence interval [ci]: 10-15), 15.5 (95% ci 14-22) and 15.5 (95% ci 1-22) days, respectively with no significant difference between the 150-mg treatment arm and placebo. Median changes in total hiV-1 Dna copies/10 6 PBMcs for aBX464 150-mg, 50-mg and placebo arms after 28 days of treatment were −40 (range −434 to +194), −115 (range −116 to −114) and 25 (range −35 to +218), respectively, showing a decrease in the intervention arms. There were 6/14, 2/2, and 0/4 responders for aBX464 150 mg, 50 mg and placebo, respectively. no significant difference was seen between treatment arms and placebo with respect to these virological parameters. Conclusions: This small controlled study confirmed the good safety and tolerability of aBX464 and provides some evidence of a potential reduction of the hiV-1 reservoir in terms of hiV-1 Dna levels in PBMcs when it was added to an hiV-1 protease inhibitor-based regimen. These results will need to be confirmed in a larger study.
Introduction
Despite the major therapeutic success of antiretroviral therapy (arT) over the past decades, a functional (long-term control of hiV-1 in the absence of arT) or sterilising cure (elimination of all hiV-1-infected cells) still remains an elusive goal for the majority of patients [1] . This is due to the persistence of reservoirs in some long-lived cell populations that harbour integrated latent hiV-1 provirus [2, 3] . although arT effectively suppresses hiV-1-replication to undetectable levels in plasma, it cannot target integrated latent hiV-1 provirus in the absence of active replication. Therefore, arT, including hiV-1 protease, integrase and reverse transcriptase inhibitors, will require additional agents in order to achieve a cure [4] . aBX464 is a compound with a novel mechanism of viral inhibition as it promotes hiV-1 rna splicing events and interferes with the production of essential viral regulatory proteins such as rev and tat and inhibits viral mrna export required for gag, pol, env production and generation of genomic rna [5] . Both rna export and splicing are controlled by the cap-binding complex (cBc) that interacts directly with either rev or the transcription/export (TreX) complex, a multiprotein complex, required for transcription and export of bulk mrnas [6] . aBX464, by binding directly to cBc, specifically prevents rev-mediated splicing and export of viral rna without interfering with cBc binding or cellular transcript export.
aBX464 has shown potent anti-hiV-1 activity in in vitro and in vivo preclinical studies [5] . it was highly effective in inhibiting
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Journal of Virus Eradication 2019; 5 : [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Phase ii study of aBX464, a novel hiV-1 antiretroviral drug 11 replication of different hiV-1 subtypes in PBMcs and macrophages and also substantially reduced virus replication in two humanised mouse models infected with hiV-1. Most significantly, there was a sustained reduction of viral load (Vl) levels in these mice after aBX464 treatment as compared to arT alone following treatment interruption [5] . a number of previous clinical studies that had enrolled a total of 72 healthy volunteers without hiV-1 and 50 individuals with hiV-1 have already confirmed aBX464 safety when given orally as monotherapy at doses up to 150 mg once a day (o.d.) [7] [8] [9] . in addition, an efficacy signal in terms of hiV-1 Vl reduction was described when aBX464 was given at higher doses, i.e. 100 and 150 mg o.d. [9] .
The present study was designed to further investigate aBX464 safety, tolerability and antiretroviral efficacy when used in combination with arT such as boosted darunavir monotherapy (darunavir/ritonavir [DrV/rTV] or darunavir/cobicistat [DrV/cOBi]).
Materials and methods

study design and participants
This was a placebo-controlled study aimed to assess the safety of aBX464, a novel antiretroviral agent, administered orally at the dose of 50 mg and 150 mg o.d. versus placebo in patients with hiV-1 on arT consisting of an hiV-1 boosted protease inhibitor such as 800 mg DrV with 100 mg rTV or 800 mg DrV with 150 mg cOBi, for at least 8 weeks prior to baseline.
Participants needed to be fully suppressed (<50 hiV-1 copies/ ml) for at least 6 months prior to enrolment. at Day 0 of enrolment into the study, aBX464 at either 50 mg or 150 mg o.d. or its matching placebo was added to this background therapy for the next 28 days. a 3:1 randomisation ratio was applied per treatment block, i.e. three patients were to receive aBX464 on top of DrV/rTV or DrV/cOBi and one patient placebo on top of DrV/rTV or DrV/cOBi.
at Day 29, all treatment was to be discontinued. The hiV-1 viral load was monitored twice a week during the first 3 weeks of follow-up and weekly thereafter. in case of viral rebound (Vr) as defined below, arT was resumed.
Dose limiting toxicity (DlT) was defined as a grade 3 or higher adverse event using the 'Division of aiDs Table for grading the severity of adult and Paediatric adverse events' (version 2.0, 2014) (including signs/symptoms, laboratory toxicities and/or clinical events) considered by the Data safety Monitoring Board as probably or definitely related to study treatment.
if more than two DlTs occurred during the treatment period of the first four treated participants, then the enrolment of additional patients was to be stopped. in addition, in case of a life-threatening (grade 4) adverse reaction, enrolment and treatment of ongoing patients was to be immediately discontinued. in both cases, enrolment would only be resumed upon the decision of the sponsor if the Data safety Monitoring Board could conclude that the causality of the event was unrelated or unlikely to be related to the study treatment.
The primary outcome measures included the frequency of adverse reactions graded according to the 'Division of aiDs table for grading the severity of adult and Paediatric adverse events' (version 2.0 november 2014) (time frame: up to 4 months).
The secondary outcome measures included the time to Vr (time frame: up to 3 months). The time to Vr was defined as the time between treatment stop (i.e. Day 29) and Vr detection. We have further analysed hiV-1 reservoirs using total hiV-1 Dna/10 6 PBMcs.
The main objective of the pharmacokinetic (PK) analysis was to evaluate the impact of concomitant administration of aBX464 with boosted DrV (rTV/cOBi) and on aBX464 and its main metabolite nglc-aBX464 PK. considering that boosted DrV (rTV or cOBi) is a chronic treatment, it was deemed more relevant to evaluate the possible drug-drug interactions (DDi) at steady state and, as such, PK blood sampling was limited to the higher dosing interval.
The study was performed in one centre in France, two in spain and three in Belgium and conducted from May 2016 to august 2017. The clinical study (protocol no. aBX464-004), informed consent documents, and any other appropriate study-related documents were reviewed and approved by each clinical centre's independent ethics committee/institutional review Board.
inclusion and exclusion criteria for enrolment and randomisation into the study are described in appendix 1. randomisation and masking Participants were randomly allocated at a 3:1 ratio to either an aBX464 or placebo arm at Day 0 if they fulfilled all inclusion criteria and none of the exclusion criteria. randomisation was centrally managed in blocks of four individuals (three aBX464, one placebo) and performed via the electronic case report form (ecrF). Vial numbers to be used for a specific participant were assigned according to a predefined randomisation list.
Procedures all participants were treated with DrV/rTV or DrV/cOBi given as a monotherapy for at least 8 weeks prior to baseline. Boosted protease inhibitor treatment was given at the following doses: DrV 800 mg and rTV 100 mg o.d. with food or DrV 800 mg and cOBi 150 mg o.d. with food in the morning. The original fixed dose (i.e. aBX464 50 mg o.d.) of the study drug was selected based on the first safety data generated with this dose and of aBX464-n-glucuronide concentration, its active metabolite [7, 8] . however, a first Phase iia study result conducted in treatmentnaïve individuals living with hiV-1 with high Vl upon enrolment demonstrated aBX464 antiretroviral activity at higher doses. a Vl reduction was observed in 3/12 participants in the aBX464 75-and 100-mg cohorts and in 4/6 participants in the aBX464 150-mg cohort, demonstrating a dose relationship effect of the drug [9] . Based on these findings it was decided to treat the first six participants with the 50 mg o.d. dose. after 28 days of treatment the safety data would be reviewed by the Data safety Monitoring Board (DsMB) and in the event of no participants demonstrating a DlT, the study would enrol another 16 participants on aBX464 150-mg o.d. dose. The DsMB was convened after every four participants on aBX464 150 mg o.d. were recruited in order to review safety and to recommend, if appropriate, the continuation of the study.
Following participant screening, eligible individuals continued DrV/rTV or DrV/cOBi o.d. with food in the morning. at Day 0, the study drug, i.e aBX464 or its matching placebo was added to background therapy for the next 28 days, at the fixed dose at breakfast of 50 mg (1×50-mg capsule) or 150 mg (3×50-mg capsules) o.d.
The initial study screening visit was carried out 21 ± 7 days prior to first dosing and individuals who met all the inclusion criteria and none of the exclusion criteria were eligible for inclusion into the study and a randomisation visit on the day of first study drug distribution (Day 0). During this visit, samples were drawn for serology (hiV, hBV and hcV), hiV-1 viral load and cD4/ cD8 count. The randomisation visit was carried out on Day 0 with blood sampling. subsequent visits were carried out on Day 7, 14, 21 and 28 ± 2 days and at Day 25 ± 4 (for PK measurements). The schedule and full list of laboratory tests and safety evaluations carried out for each visit are described in appendix 2.
The treatment phase was terminated at the Day-28 visit with all treatment being interrupted. in this open-ended study, study visits were then performed initially twice weekly and then once weekly during the treatment interruption period until Vr and reintroduction of arT. Viral rebound was defined as a single measurement of hiV-1 Vl >1000 copies/ml plasma. arT reintroduction was performed according to the participant's medical and arT history with the aim of achieving undetectable Vl. The participant with Vr was withdrawn from the study and follow-up visits were carried out every 14 days until the Vl had returned to undetectable levels. The last follow up was considered the end of study visits. in the event of an absence of Vr, then the end of the study was designated to be 3 months after treatment interruption.
Prior to the statistical analyses, adverse events (aes) were coded using the MedDra dictionary in order to be tabulated by system organ class (sOc) and preferred term (PT). The number of participants (n[%]) with at least one treatment-emergent ae (Teae) was tabulated by sOc and PT for each group and dose. The number of Teaes was also analysed in the same way, by sOc and PT for each group and dose, by grade of severity for each group and dose, and by level of causality to the study drug for each group and dose.
Total hiV-1 Dna was quantified in participants on Day 0 and Day 28 of study drug plus background therapy by droplet digital Pcr (ddPcr). Briefly, blood was drawn and PBMcs were isolated. Total genomic hiV-1 Dna was isolated from 10 7 cells and prior to Pcr amplification, an enzyme restriction digestion with ecori (Promega, leiden, the netherlands) was performed. The ddPcr reaction mix consisted of 10 μl 2×ddPcr supermix for probes (Bio-rad), 500 nM of primers and 300 nM of probe in a final volume of 20 μl (sequences of assay described in schvachsa et al, [10] ). Following amplification, droplets were read by the QX200 droplet reader (Bio-rad) and data were analysed with the ddpcrquant analysis software [11] . Participants with <5 droplets in three replicates at the two time-points (days 0, 28) were excluded from the analysis, as it was considered that measurements of such low Dna content could be inaccurate.
since PK analysis was performed at steady-state, PK blood sampling was limited to the higher dosing interval. a first blood sample (reference) for boosted DrV (rTV or cOBi) was collected on the first day of treatment before any drug administration. Blood samples were then collected for PK purpose at Days 0, 7, 14 and 21, before the boosted DrV (rTV or cOBi) morning dose and at Day 25, before the boosted DrV (rTV or cOBi) morning dose and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12 , and 24 h post-dose. The following PK parameters were derived for aBX464, aBX464-nglc, boosted DrV (rTV or cOBi) on Day 25 for each patient: c max and the time taken to reach c max (t max ) were obtained directly from the concentration-time data; aUc 0-t (24 h post-dose for aBX464 and aBX464-nglc, and 12 h post-dose for DrV (rTV and cOBi). if no concentration could be measured at this time-point, area under the plasma concentration-versustime curve from time zero to the time of the last quantifiable concentration (aUc 0-last ) was calculated. Plasma samples were analysed using validated bioanalytical methods by atlanbio (saint nazaire, France) according to good laboratory practice. aBX464 and its metabolite aBX464-nglc, DrV, rTV and cOBi plasma pharmacokinetic parameters were assessed using a non-compartmental method by Winnonlin (version 6.4) software.
Outcomes
The primary objective of the study was to evaluate the safety and tolerability of aBX464 versus placebo when administered in combination with DrV/rTV or DrV/cOBi. The secondary objectives were: (i) to evaluate the longer-lasting effect of aBX464 versus placebo on Vl after treatment interruption on Day 29 using time to Vr; (ii) to compare the effect of aBX464 versus placebo on Vl from Day 0 to the time of Vr; (iii) to compare the effect of aBX464 versus placebo on the cD4 T cell count from Day 0 to the time of Vr; (iv) to compare the effect of aBX464 versus placebo on the cD4/cD8 T cell ratio from Day 0 to the time of Vr; (v) to evaluate the effect of aBX464 versus placebo on the hiV-1 reservoir (total hiV-1 Dna in PBMcss) from Day 0 to Vr; and (vi) to evaluate the impact of concomitant administration of boosted DrV on aBX464 pharmacokinetics.
statistical analysis
The sample size selection was based on a virological efficacy endpoint although safety was the primary endpoint. The endpoint chosen for the sample size calculation was the time to Vr defined as the time between treatment stop (i.e. Day 29) and Vr detection. according to published studies [12] , the expected median time to Vr (calculated from treatment stop) was expected to be 7 days in the DrV/rTV or cOBi and placebo arm and at least 28 days in the DrV/rTV or cOBi and aBX464 arm. The power to detect a difference between the intervention arms and placebo was calculated using the PrOc POWer (sas software, version 9.4). Thus, the enrolment of 28 evaluable participants (21 in the aBX464 arm at 50 mg or 150 mg o.d. and seven in the placebo arm) would allow an 80% chance to detect a significant difference at the P=0.05 level, between arms.
all efficacy analyses were conducted on both the full-analysis dataset population and the per-protocol dataset population, except if otherwise specified. Descriptive statistics are presented by treatment arm and include quantitative variables: mean, standard deviation, minimum and maximum, 95% confidence intervals.
The statistical study plan was finalised before study unblinding and analysis. it defined the following criteria: (i) only participants with >50 copies of total hiV-1 Dna/10 6 PBMcs at baseline were considered evaluable (this was related to the lower limit of quantification of the Pcr assay as a decrease from a baseline of ≤50 copies/10 6 PBMcs would have been inappropriate for interpretation); and (ii) participants who showed a relative reduction of total hiV-1 Dna/10 6 PBMcs between Day 0 and Day 28 of at least 25% and an absolute reduction of at least 50 hiV-1 copies/10 6 PBMcs were defined as responders.
Results
Baseline demographic characteristics and participant disposition
The study was conducted in Belgium, spain and France. a total of 35 participants were enrolled into the study, of whom 30 were randomly allocated to one of three arms. Their demographic characteristics are described in Table 1 . These varied slightly across treatment arms; however, they were not considered clinically From among the 30 participants, six were randomly allocated to the aBX464 50-mg, 16 to the aBX464 150-mg dose and eight to the placebo (Figure 1 ). Twenty-six participants completed the study according to the study protocol: five from the aBX464 50-mg arm, 14 from the aBX464 150-mg arm and seven from the placebo arm. Four participants withdrew early from the study (one from the aBX464 50-mg arm, two from the aBX464 150-mg arm and one from the placebo arm). The reasons for withdrawal were investigators' decision (two participants), ae (one participant), lost to follow-up (one participant).
Safety and tolerability
Overall, a total of 128 adverse events (aes) were experienced by 27/30 participants (90%). among these, 81 were classified as treatment emergent (Teaes) (22/30 participants; 73·3%), 36 as post-Teaes (14/30 participants; 46·7%). eleven pretreatment events were reported. Of the 22 participants who experienced Teaes, the highest frequency was observed in the aBX464 150-mg arm (15/16 participants experienced 58 aes), followed by the aBX464 50-mg arm (4/6 participants experienced 10 aes) and placebo arm (3/8 participants experienced 13 events). The frequency and severity of the most frequent Teaes, by system order class (sOc), regardless of their relationship with the study treatment, are presented in Table 2 . a full listing of all Teaes by a if a subject experienced multiple adverse events categorised under the same system organ class, this subject is shown only once within the highest severity grading. n: number of participants preferred term is provided in appendix 3. The majority were graded as mild (grade 1) or moderate (grade 2); one Teae was graded as severe (grade 3), i.e. a participant in the aBX464 150-mg arm suffered from severe fatigue. One serious ae (vagal faintness) was reported for a participant allocated to the placebo arm.
The majority of Teaes were considered by the investigators as not related to the aBX464 study drug. Of 81 Teaes reported, 18 were considered aBX464 drug-related and were present in 8/16 participants in the aBX464 150-mg arm with none being present in the 50-mg arm. Two Teaes led to the investigational study drug discontinuation in one participant in the aBX464 150-mg arm. The individual presented with abdominal pain (grade 2; unrelated to aBX464) and upper abdominal pain (grade 1; unrelated to aBX464), both of which started on study Day 1 and resolved 16 days later.
The most frequently reported Teaes by sOc were gastrointestinal (50%), musculoskeletal and connective tissue disorders (33.3%), general disorders and administration site conditions (26.7%) and central nervous system disorders (23.3%) ( Table 2 ). The Teaes by PT that occurred in over 10% of participants across treatment arms included headache, back pain, upper abdominal pain, diarrhoea, abdominal pain, nausea, fatigue and arthralgia (appendix 3).
cD4 T cell count and cD4/cD8 T cell ratio analysis
The cD4 T cell count and cD4/cD8 T cell ratio were assessed at all visits during the treatment period (Days 0, 7, 14, 21, 25 and 28), then, twice a week during the first 3 weeks after treatment interruption, and once a week thereafter until Vr detection. no significant difference was seen between the aBX464 150-mg and placebo arms for these markers. The cD4 T cell count and cD4/cD8 T cell ratio are summarised in appendices 4 and 5, respectively.
efficacy
The main efficacy endpoint was the time (days) to Vr defined as the time between the end of treatment (Day 29) and Vr detection (viral load >1000 copies/ml). results for the full analysis set for the three arms are summarised in Table 3 .
Median time to Vr (Kaplan-Meier estimate) was 15.5 days (95% ci 14.0-22.0) for the aBX464 50-mg arm, 12.0 days (95% ci 10·0-15·0) for the aBX464 150-mg arms and 15.5 days (95% ci 1·0-22·0) for the placebo arm. Kaplan-Meier plots for the three treatment arms for time to Vr are shown in appendix 6. log-rank test analysis showed no significant difference between the aBX464 150-mg and placebo arms (P=0·5352).
in addition, the impact of aBiVaX464 on hiV-1 reservoirs was investigated by assessing total hiV-1 Dna (copies/10 6 PBMcs) at Day 0 and 28 post-randomisation and were descriptively summarised by aBX464 dose and pooled doses (50 mg and 150 mg). The mean change in absolute total hiV-1 Dna levels from Day 0 to Day 28 is also summarised for the per-protocol set, by dose and pooled doses (Table 4 ). a number of individuals were excluded from the per-protocol analysis set because of consistently low hiV-1 reservoirs (<5 droplets) at both time-points (days 0 and 28), which prevented reliable conclusions on reservoir changes (see Methods). The data showed a potential impact of aBX464 on reservoirs with a median reduction in total hiV-1 Dna from Day 0 to Day 28 at the 50-mg dose (-115·00 copies/10 6 PBMcs; range −116 to −114) and at the 150-mg dose (-40.00 copies/10 6 PBMcs; range −434 to +194), while an increased level was noted in the placebo arm (+25.00 copies/10 6 PBMcs; range −35 to +218). The number (%) of responders for the per-protocol set who had a decrease in total hiV-1 Dna after aBX464 treatment are summarised in Table 5 . This analysis confirmed the antiviral signal seen in terms of decrease in hiV-1 Dna copy number in PBMcs in aBX464-treated participants with a higher proportion of responders in the aBX464 150-mg (6/14 participants; 42·9%) and aBX464 50-mg arms (2/2 participants, 100%) in comparison to the placebo arm (0/4 participants, 0%) at Day 28. however, the difference in percentage of responders between the aBX464 150-mg and placebo arms was not significant (Fisher's exact test) (P=0.2451). 
Pharmacokinetics
Data showed that in most subjects, regardless of the dose, no aBX464 plasma concentrations could be detected after 8-12 h post-dose. c max was generally observed within the first 2 h postdose. after repeated oral administration of 50 and 150 mg aBX464, the drug was extensively biotransformed into its n-glucuronide metabolite, aBX464-nglc. The metabolite plasma concentrations were higher than those of the parent drug with mean c max about 40-54-fold higher than aBX464 c max ; c max was observed around 4 h post-dose. For cOBi, mean c max and mean aUc last (obtained at mean T last around 18 hours, 24 hours and 22 hours, respectively) were similar after repeated administration of placebo or after 50 or 150 mg aBX464 repeated administration. Mean c max and mean aUc last (obtained at mean T last around 24 hours) was similar for DrV after repeated administration of placebo or after the 50 or 150 mg aBX464 repeated administration. however for rTV, after 50 mg aBX464 repeated administration, mean c max and mean aUc last (obtained at mean T last around 24 hours) were about two times lower than after placebo or after 150 mg aBX464 repeated administration.
Discussion
This study confirms previous findings from published trials showing that aBX464, a novel antiretroviral investigational drug, has a good safety and tolerability profile in individuals living with hiV-1 and is the first to use aBX464 in combination with arT (i.e. boosted DrV monotherapy). Treatment simplification with DrVboosted monotherapy is reported to be safe and effective in routine clinical practice and was deemed relevant with respect to the study design and objectives [13] .
a comparison of the aes in this study with previous studies, where aBX464 was used as monotherapy, did not show an inferior safety or tolerability profile when combined with a boosted hiV protease inhibitor.
Unlike in previous studies, vomiting was not recorded whereas up to 67% of individuals treated with the aBX464 150-mg dose suffered mild or moderate vomiting in a previous aBX464 monotherapy study [9] . in addition, the incidence of headache was lower in this study with 5/16 participants (31.3%) in the 150-mg group reporting mild or moderate events compared to 66.7-100% in the monotherapy study. however, fatigue and back pain, which had not been reported in previous studies, were present in a number of participants receiving the aBX464 150-mg dose.
The analysis carried out in this study also demonstrated that key PK parameters such as aBX464 mean c max and mean aUc last were similar in individuals after aBX464 repeated administration combined with boosted DrV (rTV or cOBi) to those obtained in previously arT-naïve hiV-1-positive individuals [9] . however, the main aBX464 metabolite nglc-aBX464 mean c max and aUc last were approximately 5-and 17-times lower, respectively after aBX464 repeated administration in participants receiving combined therapy as compared to previous results in untreated hiV-1-positive individuals [9] . Therefore, the impact of arT on aBX464 pharmacokinetics will need to be fully investigated in future studies. The co-administration of aBX464 with DrV/rTV or DrV/ cOBi did not appear to impact the PK characteristics of these drugs. Mean c max and mean aUc last were similar after repeated administration of placebo or after aBX464 repeated administration and the measured PK characteristics were in agreement with published data [14, 15] . The only difference was seen for rTV: mean c max and mean aUc last were similar after repeated administration of placebo or after 150 mg aBX464 repeated administration and were in agreement with published data [14] . however; after 50 mg aBX464 repeated administration, mean c max and mean aUc last were approximately two times lower than after placebo or after 150 mg aBX464 repeated administration. These results have to be viewed with caution due to the low number of subjects and the fact that no differences were seen with the higher 150-mg aBX464 dose.
Previous data in treatment-naïve hiV-1-positive individuals had detected a dose-dependent efficacy signal with respect to plasma Vl reduction following a 14-day aBX464 treatment period [9] . The present study was therefore designed to potentially enhance this effect by combining aBX464 with a boosted hiV-1 protease inhibitor, and to evaluate Vr after treatment interruption. The primary efficacy variable for statistical comparison between treatment arms was the time to Vr (days). The present data demonstrated no significant difference by Kaplan-Meier estimates between the aBX464 150-mg and placebo arms.
although total hiV-1 Dna overestimates the size of the replication-competent hiV-1 reservoir [16] , it has been shown to be more predictive of disease progression than plasma Vl and, of time to Vr post-treatment interruption [17] . a reduction in the reservoir size may prolong time to Vr [18, 19] .
an aBX464-mediated antiviral signal was demonstrated with a median decrease in total hiV-1 Dna of 40 copies per 10 6 PBMcs in the aBX464 150-mg treatment arm as compared to an increase of 25 copies in the placebo group. in addition, there were no responders (0/4) in the placebo arm, 2/2 in the aBX464 50-mg and 6/14 (42.9%) in the aBX464 150-mg treatment arms when using our study criteria for responders. These results are encouraging in view of the failure of multiple interventions to achieve a measurable reduction of the hiV-1 reservoir size in other randomised studies. a novel antiviral agent that blocks hiV Vpu ion channel activity [20] had a 63% reduction in the
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Our study failed to demonstrate a significant difference in time to Vr in aBX464-treated individuals following treatment interruption. This was, however, in contrast to data obtained in preclinical humanised mouse studies, where hiV-1-infected nOg hu mice were treated with aBX464 for 4 weeks [5] . These studies had shown a substantial reduction in Vr over the 52-day observation period after aBX464 treatment interruption. The reasons for the discrepancy are unclear. The duration of 28 days of aBX464 may have been insufficient to sufficiently reduce the reservoir load and consequently no delay in Vr was observed. a longer treatment period with aBX464 may be needed in order to evaluate its potential full impact on the hiV-1 reservoir as well as a larger number of participants.
in conclusion, as in previous studies with aBX464 monotherapy [7] [8] [9] , we have shown that aBX464 was safe and well tolerated in fully suppressed hiV-1-positive individuals on boosted DrV. an efficacy signal was observed in the aBX464-treated group with respect to a reduction of total hiV-1 Dna in PBMcs. but this was not associated with a delay in the time to Vr after therapy interruption.
a second Phase iia study is currently ongoing using aBX464 for a longer treatment period (84 days) in addition to triple therapy and will include a more extensive analysis of integrated hiV-1 Dna performed to evaluate the impact of aBX464 on the hiV-1 reservoir in blood and gut tissue.
• Participants should have been affiliated to a social security regimen (for French sites only); and • Females and males receiving the study treatment and their partners must have agreed to use a highly effective contraceptive method during the study period and for 3 months after the end of the study period or early termination. contraception should have been in place at least 2 weeks prior to study participation. Women must be surgically sterile or, if of childbearing potential, must have used a highly effective contraceptive method. Women of childbearing potential entered the study after confirmed menstrual periods and a negative pregnancy test. highly effective methods of contraception included true abstinence, intrauterine device (iUD) or hormonal contraception associated with inhibition of ovulation, intrauterine hormone releasing system, bilateral tubal occlusion, vasectomised partner. True abstinence was defined when this was in line with the preferred and usual lifestyle of the participant. in each case of delayed menstrual period (over 1 month between menstruations) confirmation of absence of pregnancy was required. This recommendation also applied to women of childbearing potential with infrequent or irregular menstrual cycle.
Exclusion criteria
The following criteria were checked at the time of screening. if anY exclusion criterion applied, the participant could not be included into the study:
• Participant displaying any hiV protease inhibitor resistance mutation as listed in the current version of the hiV drug resistance database (stanford University); • Participant having had previously an hiV viral load ≥500 copies/ml confirmed by a second measure since the initiation of the current antiretroviral therapies (arT); • history of an acquired immune deficiency syndrome (aiDs)-defining clinical illness; • concomitant aiDs-related opportunistic disease;
• history of allergic disease, anaphylaxis or reactions likely to have been triggered or exacerbated by any component of the study drug;
• acute or chronic infectious disease other than hiV infection (included but not limited to viral hepatitis such as hepatitis B, active tuberculosis, active syphilis [i.e. currently treated], human T-cell lymphotropic virus [hTlV-1, hTlV-2]). Of note co-infection with hepatitis c was allowed as long as liver function parameters were within the following ranges: platelet >150.000/mm 3 ; gamma-glutamyl transferase (γgT) ≤2·5 Uln; albumin >40 g/l and provided that participants were not receiving specific treatment during the study that could have interfered with the study objectives; • acute, chronic or history of clinically relevant pulmonary, cardiovascular, gastrointestinal, hepatic, pancreatic or renal functional abnormality, encephalopathy, neuropathy or unstable central nervous system (cns) pathology, angina or cardiac arrhythmias, or any other clinically significant medical problems as determined by physical examination and/or laboratory screening tests and/or medical history; • Uncontrolled dyslipidaemia; • acute, chronic or history of immunodeficiency or autoimmune disease other than hiV infection; unstable asthma (defined as sudden acute attacks occurring for less than 3 hours without an obvious trigger, hospitalisation for asthma in the last 2 years); food or wine induced asthma; • history of malignancy unless there had been surgical excision that was considered to have achieved cure; • active malignancy that may have required chemotherapy or radiation therapy; • seizure disorder or any history of prior seizure;
• serious illness requiring systemic treatment and/or hospitalisation within 7 days prior to baseline; • Pregnant or breastfeeding woman;
• active drug or alcohol abuse or dependence;
• Use of any investigational or non-registered product within 3 months preceding baseline; and • any condition, which in the opinion of the investigator, could have compromised the participant's safety or adherence to the study protocol. Appendix 5. CD4+/CD8+ T cell count ratio analysis (full analysis set)
